This article is stimulated by the analysis of Socolow and Thomas in the first issue of this journal. Our work showed that a lead-acid battery-powered electric vehicle (Ev) would result in more lead being discharged into the environment than a comparable car burning leaded gasoline. Five hundred thousand EVs would lead to a 20% increase in lead use in the United States, and presumably a comparable 20% increase in lead discharges.
I Summary
This article is stimulated by the analysis of Socolow and Thomas in the first issue of this journal. Our work showed that a lead-acid battery-powered electric vehicle (Ev) would result in more lead being discharged into the environment than a comparable car burning leaded gasoline. Five hundred thousand EVs would lead to a 20% increase in lead use in the United States, and presumably a comparable 20% increase in lead discharges.
The Socolow-Thomas analysis asserts: (I) choosing not to pursue technology that uses toxic materials will unduly constrain the research and development (R&D) in advanced vehicles and limit the options likely to emerge from that research; (2) we do not do a full risk assessment of the lead discharges from lead smelting, battery making and recycling; and (3) in response to regulation the industry might devise a "clean recycling" system. We doubt the wisdom of increasing R&D on lead batteries because introducing large quantities of lead into cars will pose health risks.The possibility of clean recycling in the future is not an adequate basis for mandating EVs. Proponents of EVs should prove there is no harm to the environment Regulators should not require EVs until there is a reasonable showing of environmental benefit and that the requirement is cost-effective in reducing ozone.
I
lourno/ of lndustriol Ecology
F O R U M
Suppose the government were to require families to purchase 1,000 pounds (450 kilograms
[kg]) of a highly toxic substance. In the past, this substance caused millions of chronic illnesses, even deaths, when used in much smaller quantities. Further suppose that this toxic substance is being introduced in order to lower exposure to a much less toxic substance by a tiny amount, an amount too small to be measured reliably. Does the government's requirement make sense?
"Yes," answers the California Air Resources
Board and the governors of New York, Massachusetts, and other states in the Northeast. They will require that a proportion of new cars sold be zero emissions vehicles (ZEVs) which currently means lead-acid battery-powered cars. We disagree Lave et al. 1996; with the use of toxic materials in a closed loop as a desirable long-term state. We agree that "clean recycling" is desirable if toxic materials are essential, but we prefer to work toward a future which avoids the use of toxic materials and the high energy costs associated with carrying heavy batteries around in vehicles. In our judgment, eliminating toxics and undue energy burdens in conjunction with environmentally and economically justifiable recycling is a sounder longterm approach for industrial ecology than simply pursuing closed-loop recycling. We view environmental regulators as irresponsible for requiring a large increase in the production of lead-acid battery-powered cars without proof that lead discharges have been controlled and that estimated health effects are small. Furthermore, until something close to "clean recycling" is achieved, any technology that uses large amounts of lead is unattractive. ST want to preserve lead batteries in order to encour-1. They assert our work is "misguided" and has "serious shortcomings." 2. They want to preserve the technology in order to encourage the "ferment in automotive engineering."
3 . Finally, they dream of "Clean recycling
[that] requires no lead emissions into the environment except in forms as isolated from human beings and ecosystems as the original lead in the ground." We explore these critiques briefly.
Our fundamental disagreement is that, while ST dream of future technologies and "clean recycling,'' lead-acid battery-powered cars are being leased in California and Arizona today. These vehicles are the product of current mining and smelting facilities, current battery-making plants, and will be recycled in current facilities. Perhaps someday lead will be subject to "clean recycling." We are not reassured by what has happened to the recycling programs for other toxic materials. Even for weapons-grade material, such as plutonium and uranium, that pose dangers in terms of both toxicity and diversion to terrorists, devoting large amounts of resources to clean production and recycling has not prevented the loss of large amounts of material or the need for large-scale cleanup of the facilities.
age hybrid vehicles' and assert that "The research and development process would be proceeding more slowly, if state and national governments were not actively promoting electric and hybrid vehicles through the mandating of prototype development and pilot-scale marketing." This sentence crystalizes our differences with ST. First, state government mandates have led automobile manufacturers to focus on vehicles that could be introduced quickly-lead-acid battery-powered cars. ST appear to be defending state regulations for ZEV despite the fact that the hybrid vehicles they favor cannot satisfy the requirements. The mandates could have focused attention on more attractive technologies, such as lowering the emissions of internal combustion engines, or on new technologies such as fly-wheels, fuel cells, and hybrid vehicles, which take longer to come to market. Second, since thousands of lead-acid battery-powered vehicles such as golf carts and fork lifts are manufactured every year, we doubt that R&D in lead-acid battery vehicles would be as productive as R&D in more innovative low emissions vehicles. Third, unlike ST we do not regard requiring 10% of new vehicles to be ZEVs as "pilot-scale marketing."
What We Said
In Lave et al. (1995) , we showed that a leadacid battery-powered vehicle would result in more lead being discharged into the environment per vehicle-mile than a comparable vehicle burning leaded gasoline. Contrary to some critics, we did not make statements about lead emissions into the air from electric cars nor did we compare the health effects of these cars to cars burning leaded gasoline. We did caution that the lead battery cars could pose significant health problems given the discharge of lead.
In Lave et al. (1996) we showed that substituting 500,000 lead battery cars for internal combustion engine cars in Los Angeles or New York City would result in peak ozone falling from 200 to 199 parts per billion (ppb) and 190 to 189.5 ppb, respectively. Reducing peak ozone by 0.25% to 0.5% is a change too small to be detected or measured with confidence. In contrast, 1 million lead-acid battery-powered cars would increase U.S. lead handling by 40%, presumably increasing lead discharges into the environment by 40%. It is hard to see the benefits of this tiny reduction in ozone as justifying the public health costs of this large increase in lead discharges.
The production of current lead-acid batterypowered cars offered for sale results in the use (through primary and secondary smelting and 
S T Critique
ST view our work as "misguided, because it treats lead batteries and lead additives in gasoline on the same footing and implies that the lead battery should be abandoned." We do not treat lead in batteries as equivalent to lead discharged in any form. We compare total lead discharges. ST, object, wanting to compare air emissions: "Are total releases or air releases the more appropriate quantity to compare?" ST investigate environmental discharges other than those into the air, but they dismiss the total discharge comparison and focus on air emissions in their conclusion. There seems to be a disconnect between the good work in the body of the article and the conclusion. ST are correct that we did not estimate human exposure from these two releases. Who should bear the burden of proof in order to justify requiring a technology that would discharge large amounts of lead into the environment each year? ST remark that lead wastes from smelters are put into a chemical form to resist leaching and are then deposited in hazardous waste landfills. Putting toxic substances into "safe" landfills is far from the end of the story, however, as Love Canal or Superfund demonstrate. Second, thousands of lead-acid batterypowered vehicles are manufactured every year. Current data show that the solid waste currently released from smelting lead, making batteries, and recycling the batteries result in lead exposure to people and the environment. ST need to tell us when these exposures will cease and what changes in technology will stop the exposures. Until we are given some reasonable assurance that lead discharges are not exposing people or the environment, we will continue to be suspicious of lead-acid batteries and in particular government mandates to require their use.
We join ST in their desire to promote R&D in automobiles. Where should the limited R&D funds go? Certainly massive amounts of R&D would be needed to achieve the ST dream of "clean recycling" for lead-acid batteries. For the indefinite future, battery-powered cars will require about 1,000 pounds of batteries. If the batteries are made of toxic materials, such as lead, cadmium, or nickel, the technologies will not be attractive without "clean recycling" or something pretty close. In our judgment, R&D funds would be better spent on reducing emissions from internal combustion vehicles and on electric cars, such as fuel-cell vehicles, that do not rely on batteries made of toxic materials; this is particularly true given the severe energy penalties associated with carrying heavy batteries around in vehicles. Amory Lovins's idea for low-weight, high-mileage vehicles (Lovins et al. 1993) would likely have less burden on the environment. We urge ST to set out their reasons for believing that resources invested in improving lead-acid batteries and recycling them will do more to clean the environment than continuing R&D for electric cars that do not depend on batteries made with toxic material and lowering emissions of internal combustion engines.
With regard to recycling, ST argue that "only a small percentage of lead-acid batteries escapes recycling, and only a small percentage of the lead that enters the battery recycling system becomes environmental emissions." According to the Battery Council International (1995), 5% of batteries are not recycled. The fate of the toxic materials in these batteries is unknown. The best data on losses from the battery recycling system are still the mass balances provided by the U.S. Bureau of Mines with estimates of 2-4% losses (Woodbury et al. 1993 ). These loss rates might not be a problem if lead was not known to be persistent and toxic in the environment.
In their conclusion ST state that "the LRHM analysis has three serious shortcomings. First, as a technology assessment, it is oversimplified. It gives little weight to the ferment in automotive engineering and, thereby, underestimates what is at stake in keeping open a multiplicity of technological options. Second, as a risk assessment, it is misleading. It fails to identify several critical environmental and public health hazards associated with relatively small mass flows, thereby demonstrating the perils of performing a massflow analysis without an accompanying hazard analysis. Third, as a guide to industrial initiative and public policy, it is incomplete. It fails even to consider the possibility that the lead battery industry could implement a model clean recycling system."
The choice of language makes it clear that ST see our analysis as highly deficient. Is our analysis "oversimplified" because we give little weight to the "ferment in automotive engineering?" "Ferment" is different from proven technologies. The ideal of clean recycling is far less satisfactory than either demonstrating that the ideal is attained or achieving a state in which using toxics and incurring energy penalties are avoided. Why does promoting R&D require mandating that 10% of new vehicles be ZEVs, thereby excluding some interesting alternatives such as hybrid vehicles? As explained above, we praise the "ferment" in research, but we are more concerned about demonstrating that the new automobile technologies are attractive to consumers and that they increase environmental quality. ST charge our analysis is "misleading" because we emphasize all discharges of lead to the environment. While they have examined worker exposures, community exposures around smelters, and possible difficulties in exporting used batteries, they focus on air emissions.
Finally, ST call our analysis "incomplete" because we fail "to consider the possibility that the lead battery industry could implement a model clean recycling system." ST seem to base their environmental recommendations on an ideal that they admit is far from being attained. We want to see that ideal attained before making it the basis of policy. A more important point is that technology assessment is meant to enlighten decisions; however, ST never compare the battery-powered car against the alternatives. Will lead-acid battery cars improve environmental quality when they are substituted for new internal combustion engine cars or for concept vehicles such as Lovins's (Lovins et al. 1993 )?
Conclusion
We thank ST for their work summarizing the toxicity of lead and the high blood levels suffered by smelter workers and neighbors. We find ST's criticism of our work to be unsatisfactory for three reasons. First, although they recognize that current smelters are far from their ideal of clean recycling, they fault our criticism of lead-acid battery-powered cars because the industry could 36 journal of Industrial Ecology Second, they focus their conclusion on air emissions of lead, thus ignoring the body of their article which examines lead exposures from other routes. Third, they do not compare the current or reasonable future technologies for electric cars with their competitors.
In conclusion, we did not and do not argue t h a t any technology development should be stopped. Requiring large numbers of lead-acid battery-powered cars t o be produced makes n o sense until the risks to people and the environment have been demonstrated to be smaller t h a n those from other technologies or from ozone itself. The current requirement for leadacid battery-powered cars lowers environmental quality and harms the health of Americans.
N o t e
1. A hybrid vehicle uses a smaller engine running at a constant speed to charge batteries that supply the power to run the vehicle. The smaller engine improves both fuel efficiency and emissions control.
